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NeuraminidasePublic gene sequence databases have become important research tools to understand viruses and other
organisms. Evidence suggests that the identifying information for some of the sequences in these databases
might not belong to the sequences they are associated with. We developed two tests to conduct a
comprehensive analysis of all published sequences of the hemaglutinin and neuramidase genes of avian
inﬂuenza viruses (AIVs) to identify sequences that may have been misclassiﬁed. One test identiﬁed sequence
pairs with highly similar nucleotide sequences despite a difference of several years between their sampling
dates. Another test, which was applied to samples sequenced and deposited more than once, detected
sequences with more nucleotide differences to their own than to their closest relatives. All sequences
identiﬁed as misclassiﬁed were further traced to relevant publications to assess the likelihood of
contamination and determine if any conclusions were associated with the use of these sequences. Our
results suggested that among 4040 published gene sequences examined, approximately 0.8% might be
misclassiﬁed and that publications using these sequences may include inaccurate statements. Findings from
this report suggest that using laboratory-adapted strains and handling multiple samples simultaneously
increases the risk of contamination. The tests reported here may be useful for screening new submissions to
public sequence databases.
Published by Elsevier Inc.Introduction
Public databases for gene sequences have become invaluable
tools in virus research. Improved sequencing technology has led to
an accelerated growth of sequences included in these databases in
recent years. For example, the number of sequences deposited in
the National Center for Biotechnology Information (NCBI) database
from 2005 to 2009 is seven times greater than the number
deposited in the decade before 2005 [1]. Genetic databases play a
particularly important role in research on avian inﬂuenza viruses
(AIVs). Human mortality caused by highly pathogenic (HP) H5N1
AIVs raised global awareness [2] and resulted in extensive research,
with concurrent growth of AIV sequence databases. In recent years,
these databases have been heavily searched and data were analyzed
to understand the origin of pandemic inﬂuenza viruses [3–5],
distribution and transmission of viruses among host species [6,7],glutinin; NCBI, National Center
odeling and Surveillance, One
6, USA. Fax: +1 530 752 1618.
ucdavis.edu (H. Dohna),
davis.edu (C.J. Cardona),
Inc.and virus movement around the globe [8,9]. However, with the
increasing number of sequences, inaccurate information may
become more abundant. Recently, evidence emerged that some
conclusions regarding AIV evolution have been based on sequences
that were results of contamination [10].
In this report, we comprehensively screened public AIV gene
sequence data to identify misclassiﬁed sequences and to assess how
such sequences inﬂuenced scientiﬁc ﬁndings. We believe this is the
ﬁrst time that public databases were screened comprehensively for
inaccurate information. We developed two tests to detect misclassi-
ﬁed sequences among all full-length hemagglutinin (HA) and
neuraminidase (NA) genes of AIVs in public databases [1,11].
Publications, which cited what we identiﬁed as questionable
sequences, were traced to collect further evidence for or against the
assumption of contamination and to determine if erroneous
sequences may have affected the conclusions of the studies.
Results
Detection of misclassiﬁed sequences
Among 4040 HA and NA sequences examined, ﬁve HA subtypes
(H1, H4, H6, H7, and H9) and four NA gene subtypes (N1, N2, N5,
and N7) had 15 outlier pairs identiﬁable in the graphs of genetic vs.
Fig. 1. Identiﬁcation of outliers among HA gene pairs. The proportion of nucleotide differences is plotted against the temporal distances between HA sequences. Panels A–F represent
subtypes H1, H4, H6, H7, H9 and H11, respectively. Each data point is formed by the comparison of two sequences (+: both sequences from North America), (*: both from Eurasia),
(○: one from sequence from Eurasia and one from North America). The large circles indicate outliers and the numbers next to them show the case numbers listed in Table 1.
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without outliers). The outliers indicated the sequence pairs that had
fewer than expected nucleotide differences given the differences in
sampling dates for the strains. In some instances, a single
misclassiﬁcation event produced several outliers in the pairwise
comparison analysis since a single misclassiﬁed sequence might be
closer than expected to the source sequence as well as to any other
sequences that are genetically similar to the source. The four outlier
points in the H4 graph (Fig. 1B; Table 1, case 3), for example, were
results of four submissions of sequences from A/duck/Czeckoslo-
vakia/1956 virus. Similarly, all outliers for H7 (Fig. 1D; Table 1, case
5), H9 (Fig. 1E; Table 2, case 6) and N5 (Fig. 2C; Table 1, case 14)
can each be explained by a single misclassiﬁcation. All outlier pairs
identiﬁed by test 1 met the criteria for a designation of source and
misclassiﬁed sequence by BLAST analysis (Table 1), i.e., one
sequence from each outlier pair clustered with sequences from
the same time period and one with sequences from a different time
period. The same pattern of clustering was conﬁrmed by the
phylogenetic analysis (data not shown).
The second test analyzed sequences of viruses for which either the
HA or NA gene was sequencedmore than once (Fig. 3). Two of the 256
HA gene sequences (0.8%) that came from 92 viruses in this categorywere substantially closer to sequences from a different strain than to
sequences of the same one (Fig. 3B). Two of the 241 NA gene
sequences (0.8%) from 32 viruses were signiﬁcantly closer to
sequences from a different strain than to sequences from the same
strain (Fig. 3D). All questionable sequence pairs detected by each test
are summarized in Table 1.
More details of questionable sequence pairs detected by test 2
are listed in Table 2. Case 10 (Table 1) does not completely meet the
criteria of test 2 since A/chicken/HK/YU822.2/01-MB was isolated
from a mouse infected with A/chicken/HK/YU822.2/01 and they
were, technically, not the same strain. However, since the NA
sequence of the mouse-adapted virus is identical to that of A/silky
chicken/HK/SF189/01, the 71 nucleotide differences between the
NA genes of the mouse-adapted and the inoculating virus, A/
chicken/HK/YU822.2/01, cannot be explained by virus mutations
during replication in the mouse. We therefore listed these two
sequences as questionable pair (Tables 1 and 2, case 10). Analyses
using currently available data could not unambiguously designate
source or misclassiﬁed sequences for cases 10 and 11. Therefore, we
listed the nucleotide differences of both members of the sequence
pairs between the same strain and to its closest sequence from a
different strain (Table 2).
Fig. 2. Identiﬁcation of outliers among NA gene pairs. The proportion of nucleotide differences is plotted against the temporal distances between NA sequences. Panels A–D represent
subtypes N1, N2, N5, and N7, respectively. Each data point is formed by the comparison of two sequences (+: both sequences fromNorth America), (*: both sequences from Eurasia),
(○: one sequence from Eurasia and one from North America). The large circles indicate outliers and the numbers next to them show the case numbers listed in Table 1.
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All detected misclassiﬁed sequences were categorized into three
groups and listed in Table 1. There were three pairs that were
submitted by the same laboratory and appeared in publications
together (category A, Table 1, cases 3, 6 and 8), six pairs wereTable 1
Pairs of source and misclassiﬁed HA and NA sequences from public databases.
Case Gene and
subtype
Source sequence Misclassiﬁed seque
Accession Strain Accession St
1 H1 EF679199 Duck/HK/717/79 EF679200 Ch
2 H4 CY004933 Pintail/ALB/207/99 AY633284 M
3 H4 M25283 Duck/Czech/56 M25284 Gr
4 H6 DQ376618 Duck/TW/526/72 DQ376619 Ch
5 H7 AF202232 Afr. stlg/EngQ/983/79 AY724257 Ch
6 H9 D90305 Turkey/WI/1/66 DQ064366 Ch
7 N1 DQ376690 Duck/TW/526/72 DQ376691 Ch
8 N1 AJ416629 Afr. stlg/EngQ/983/79 DQ349117 Ch
9 N1 EU742638 Turkey/KS/80 EU735796 Ch
10⁎ N1 ? ? ? Ch
11⁎ N1 ? ? ? Du
12 N2 CY030995 Turkey/Eng/N28/73 AY724264 Ch
13 N2 AY968677 Turkey/Can/63 AY724264 Ch
14 N5 AB278601 Shearwater/Aus/1/72 AB270749 Ch
15 N7 M38330 FPV/Weybridge/34 CY014993 Fo
⁎ Designation of source and misclassiﬁed sequences in these cases was ambiguous sin
these cases are listed in Table 2.
⁎⁎ 1: sequence pairs with few nucleotide differences despite large sample time differen
few differences to sequences of a different strain.
⁎⁎⁎ A: submitted by the same laboratory and appeared in the same publication. B: subm
evidence of being processed in the same laboratory.submitted by the same laboratory (category B, Table 1, cases 1, 4, 7, 9,
13 and 14) and four pairs showed no evidence of being handled by the
same laboratory (category C, Table 1, cases 2, 5, 12 and 15). (The two
sequences of case 13 were submitted by two laboratories in the same
institute; hence case 13 was classiﬁed as category B.) Several outliers
appeared to be typographical errors and were not labeled in thence Detection
method⁎⁎
# nt
diff.
References Category⁎⁎⁎
rain
icken/HK/14/76 1 0 [12] B
allard/ALB/47/98 2 0 C
ey teal/Aus/2/79 1, 2 22 [13–15] A
icken/TW/G2/87 1 4 [16] B
icken/Hebei/1/02 1 5 [17,18] C
icken/HLJ/35/00 1 10 [19] A
icken/TW/G2/87 1 1 [16] B
icken/Hebei/718/01 1 24 [18] A
icken/PA/35154/91 1 2 B
icken/HK/YU822.2/ 01 2 [20]
ck/Viet Nam/1/05 2 [21]
icken/Hebei/1/02 1 0 [18,22] C
icken/Hebei/1/02 1 2 [18] B
icken/TW/4801/90 1 2 B
wl/Dobson/27 1 10 [7,23] C
ce there was more than one sequence that could have been possible source. Details of
ce. 2: sequences with many nucleotide differences to sequences of the same strain and
itted by the same laboratory but did not appear in the same publication. C: showed no
Table 2
Sequence pairs with misclassiﬁcations detected by comparison of sequences from the same strain (test 2).
Comparison Case⁎ Gene and
subtype
Sequence 1 Sequence 2 # nt
diff.
Accession Strain Accession Strain
Same stain⁎⁎ 2 H4 AY633284 Mallard/ALB/47/98 CY004925 Mallard/ALB/47/98 120
3 H4 CY005672 Grey teal/Aus/2/79 M25284 Grey teal/Aus/2/79 178
10 N1 AY221545 Chicken/HK/YU822.2/01-MB AY221546 Chicken/HK/YU822.2/01 71
11 N1 CY016829 Duck/Viet Nam/1/05 DQ366308 Duck/Viet Nam/1/05 189
Different strains⁎⁎⁎ 10 N1 AF144304 Goose/Guangdong/1/96 AY221546 Chicken/HK/YU822.2/01 5
10 N1 AF509097 Silky chicken/HK/SF189/01 AY221545 Chicken/HK/YU822.2/01-MB 0
11 N1 DQ493037 Duck/Viet Nam/N-TB/05 CY016829 Duck/Viet Nam/1/05 2
11 N1 AF046081 Chicken/HK/220/97 DQ366308 Duck/Viet Nam/1/05 13
⁎ Corresponding to the cases in Table 1.
⁎⁎ All cases with large differences between sequences of the same strain.
⁎⁎⁎ The nucleotide differences to the closest sequences from different strains are listed for cases with ambiguous designation of the source sequence.
32 J. Li et al. / Genomics 95 (2010) 29–36relevant graphs. For example, the HA gene of A/duck/Hong Kong/
301/72, H7 (DQ003216) shared 99.8% identity with that of A/duck/
Hong Kong/301/78 (AB302789) and 99.6% with that of other Hong
Kong isolates in the year 1978.
Conclusions drawn from misclassiﬁed sequences
We found three publications that analyzed sequences that were
misclassiﬁed according to our analysis. The ﬁrst example was a
study that referred to H6 and N1 genes of A/chicken/Taiwan/G2/87Fig. 3. Identiﬁcation of misclassiﬁed sequences with samples submitted more than once. Fre
HA or NA gene from the same strain, excluding gene sequence pairs of gene sequences from
different strain (A: HA gene and C: NA gene). Bars denote observed values and lines, the ﬁtt
plotted against the nucleotide difference to the closest sequence of a different strain (B: HA
crosses (+) denote sequences closer to sequences from different strain. The solid lines show
of the x-axis is a thousand times less likely than the value on the y-axis according to the ﬁt(Table 1, cases 4 and 7) that were almost identical to the H6 and N1
genes of A/duck/Taiwan/0526/72 (H6N1) (Figs. 1C and 2A).
Another related virus, A/chicken/Taiwan/G23/87, had half of the
HA and the entire NA of A/duck/Taiwan/0526/72 (pair not listed).
Six internal genes of A/duck/Taiwan/0526/72 and A/chicken/
Taiwan/G2/87 were almost identical and formed outliers in plots
of nucleotide vs. sampling date differences (Fig. 4). Nevertheless,
identifying if A/duck/Taiwan/0526/72 contaminated A/chicken/
Taiwan/G2/87 (or vice versa) does not substantially affect the
conclusion of the study [16].quency distribution of the number of nucleotide differences between two sequences of
the same strain with more differences to each other than to the closest sequence from a
ed distribution. Nucleotide differences between two gene sequences of the same strain
and D: NA). Circles (○) denote sequences closer to sequences from the same strain, and
points at which x-axis equals y-axis, and the dotted lines show points at which the value
ted frequency distribution in the left panels.
Fig. 4. Identiﬁcation of outliers among six internal genes of AIV H6 viruses. Panels A–F show PB2, PB1, PA, NP, M and NS genes, respectively. Large circles show the comparison
between sequences of A/duck/Taiwan/0526/72 and A/duck/Taiwan/G2/72. Each data point represents a pair of sequences (+: both sequences from North America), (*: both
sequences from Eurasia), (○: one sequence from Eurasia and one from North America).
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chicken/HLJ/35/00 (H9N2), an isolate from China, and its possible
source sequence of A/turkey/WI/1/66 (H9N2), an isolate from the
United States (Table 1, case 6, Fig. 1E) [13]. The HA and NP genes of
these two viruses were 99% identical. It was assumed that the A/
chicken/HLJ/35/00 was a result of cross-hemisphere gene movement
and subsequent reassortment [19]. However, the authors were not
able to explain the fact that the descendent of A/turkey/WI/1/66 was
described in China 34 years after its initial isolation but not previously.
The identiﬁcation of the HA gene of A/chicken/35/00 (H9N2) and A/
turkey/WI/66 (H9N2) as outlier pair suggests that the authors'
statement about cross-hemisphere movement and reassortment of
the H9 gene are likely to be invalid.
The third publication including misclassiﬁed sequences involved
multiple laboratories. The H7 gene of the virus A/chicken/Hebei/1/02
(H7N2) was very close to that of A/African starling/EngQ/983/79
(H7N1) (Table 1, case 5, Fig. 1D) and its N2 gene is very close to that of
A/turkey/Eng/N28/73 (H5N2) (Table 1, case 12, Fig. 2B). The virus A/
chicken/Hebei/1/02was described as the ﬁrst H7N2 virus detected in
China [18]. A follow-up analysis to our outlier plots showed that three
gene segments (PB1, PA and M) of the virus A/chicken/Hebei/1/02
were almost identical to those of A/African starling/EngQ/983/79
(99% identity) and two (PB2 and NP) to A/turkey/Eng/N28/73 (99–100% identity) (Fig. 5). Only the NS gene had no striking similarity to
any strains in the databases (97% identity for the highest score, Fig. 5).
Hence, the virus A/chicken/Hebei/1/02, which was purportedly
isolated from a healthy chicken [18] might not have existed. This may
explain why serologic surveillance after the reported detection
produced negative results [18]. The conclusions drawn about the
virus' introduction from Europe, its low rate of evolution and unusual
pathogenicity were, therefore, likely invalid.
Discussion
This study uncovered evidence for several misclassiﬁed sequences
in public databases for avian inﬂuenza virus genes. One of our tests
identiﬁed outlier pairs of sequences with small nucleotide differences
despite large differences in sampling dates. It is very unlikely that
these patterns were results of natural processes since it would require
a mechanism of suppressed viral replication over many years (e.g., by
freezing) and, in addition, sample collection shortly before and after
such dormancy. We believe that it is more parsimonious to explain
these outlier pairs by the misclassiﬁcation of virus sequences.
There are two scenarios for misclassiﬁcation — mislabeling or
contamination. If a virus is mislabeled, all gene segments of this virus
would be unusually close to the sequences of the same source virus.
Fig. 5. Schematic illustration of genetic associations to A/Chicken/Hebei/01/2002. Segments of the same color are unusually close (HA and NA genes are shown as outliers in Figs. 1
and 2). The numbers indicate percent nucleotide identity.
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showed that different segments of the same strain were unusually
close to the corresponding segments of different strains. Therefore, we
presume that the misclassiﬁcations were likely caused by cross-
contaminations during laboratory analyses.
Contaminations have the potential to generate faulty research
conclusions. Our results have shown that patterns caused by
contaminated sequences were interpreted as evidence for evolution-
ary stasis, reassortment events, cross-hemisphere virus movement or
even evidence for an infection in possibly uninfected hosts. In the long
run, the accumulation of faulty conclusions based on contaminated
sequences could mislead our understanding of virus evolution and
result in inadequate policy decisions. For example, erroneous
inference of cross-hemisphere movement could inﬂuence policy
makers to establish or modify regulations if hosts were humans or
agricultural animals.
To assure high-quality public information, it is important to
prevent erroneous sequences from being deposited into public
databases. The ﬁrst step is to take necessary precautions to prevent
contaminations in the laboratories. Reference strains pose a
particular risk as a source of contamination since these strains are
likely to be more adapted to the growth media used in laboratories,
and tend to replicate better than ﬁeld samples, especially those
from wild birds. Several of the source sequences in our analysis
were very likely reference sequences (Table 1, cases 3, 5, 6 and 8)
since these sequences were collected much earlier and/or have no
discernible connection to other sequences included in the same
study. The likely contamination of published sequences by reference
sequences was also suggested by a previous study of human
inﬂuenza virus sequences [10]. Secondly, cloned gene segments can
be a source of single gene contamination. It is critical to have
separate areas for RNA and DNA handling. Thirdly, reducing the
number of samples processed simultaneously would further reduce
the chance of contamination. However, if this is impractical for
laboratories processing large numbers of samples, more vigilance in
aseptic techniques is highly recommended. This practice is
particularly essential when dealing with samples collected under
similar circumstances because it is difﬁcult to detect contamination
among similar sequences. Maintaining precise and reliable data-
bases also requires full awareness of submitters. In addition, giventhe increasing numbers of sequences in public gene databases, our
analysis highlights the urgent need for curators of public databases
to develop protocols and run analyses similar to the ones performed
in this study to safeguard databases against erroneous sequences. If
automated, such programs could notify the submitters, thereby
letting the submitters examine their data to decide if an error had
occurred.
Most likely our tests did not uncover all contaminations among the
analyzed sequences. Test 1 cannot identify outliers if the source and
misclassiﬁed sequence were collected within a short time period (e.g.,
less than 5 years apart in Figs. 2A and B). Contaminations of sequences
from isolates that have been sequenced more than once (test 2)
should almost always be detected except in cases when the
contaminating sequence is by coincidence very similar to the
contaminated sequence. Results of test 2 suggest that the prevalence
of contaminated samples among published AIV HA and NA gene
sequences is approximately 0.8%. Since this test could only be applied
to a small subset of sequences, we believe that the database still
contains a large number of contaminated sequences that our tests did
not detect. Additional tests need to be developed to identify these
sequences. The tests developed here can be applied to AIV gene
sequence data of other hosts or gene sequence databases of other
organisms. We hope that the work presented here will be a step
towards further improving the quality and reliability of public gene
sequence databases.
Methods
Terminology
There are several processes that could lead to mismatches
between published sequences and the identifying information
attached to them. For instance, a virus sample could be mislabeled
or contaminated by another sample. In such cases, the information
attached to a gene sequence would, in reality, belong to a different
virus. When describing such misclassiﬁcations in this report, we call
the sequence with the incorrect identifying information the mis-
classiﬁed sequence and the sequence to which the information
belongs, the source sequence. Furthermore, we deﬁned a strain as the
collection of all virus isolates that were derived from an original
35J. Li et al. / Genomics 95 (2010) 29–36isolate. Sequences of the same genes that have the same information
of host species, collection date, location and identifying number were
considered to be from the same strain.
Retrieval of sequences from inﬂuenza databases
Nucleotide sequences for all HA and NA genes of AIVs, as well
as their host species, collection dates and locations were obtained
from public sequence databases [1,11]. Sequences of HA genes with
a minimum length of 1650 nucleotides and NA genes of at least
1350 nucleotides were selected. These sequence lengths cover, in
most cases, the complete coding regions for each gene. A total of
1787 of HA and 2253 NA gene sequences were included in the
analyses. Sequences of the same gene with the same subtype were
aligned using AlignX (Vector NTI advanced X, Invitrogen, Carlsbad,
CA). The number of nucleotide differences was calculated between
all sequence pairs of the same gene with the same subtype. For
each sequence pair, the number of nucleotide positions that
differed between the two sequences was counted among all
positions within the part of the coding region that was sequenced
for all sequences of the same subtype. Differences due to insertions
and deletions were counted as well. The number of differences was
calculated using the statistical programming language R [24,25].
Detection of misclassiﬁed sequences
The ﬁrst test we developed (hereafter called test 1) was used to
identify pairs of sequences with an insufﬁcient number of
nucleotide differences despite a difference of several years between
their collection dates (measured by years). Nucleotide dissimilarity
was plotted against the difference of sampling dates for all pairwise
comparisons between sequences of the same gene and the same
subtype, e.g., HA genes of H1 subtype. The number of nucleotide
differences between two sequences will be minimal for a given
sampling date difference if the earlier sequence is the ancestor of
the later one. Among the pairs of sequences, the nucleotide
differences between ancestor and progeny viruses should form a
lower boundary for a plot of nucleotide vs. sample collection date
differences. In other words, no sequence pairs could be more similar
than those which are related through direct ancestry. This lower
boundary was determined for each gene of each subtype by visual
inspection of the plots of nucleotide differences vs. sampling time
difference. The pairs forming points that fell clearly below this
lower boundary were labeled as outlier pairs. The sequences with
the fewest nucleotide differences to both sequences that formed an
outlier pair were searched using Basic Local Alignment Search Tool
(BLAST, http://blast.ncbi.nlm.nih.gov/Blast.cgi) to determine which
sequence of the outlier pair was misclassiﬁed and which was the
source. The sequence that did not cluster with other sequences from
the same time period was labeled misclassiﬁed and the other one
was labeled source sequence. A phylogenetic analysis was per-
formed to conﬁrm which of the two sequences clusters with
sequences from the same time period. Sequences of the same gene
and subtype sampled within a year before and after either of the
two outlier sequences were included in the phylogenetic analysis.
Sequences were aligned with Clustal W and trees were constructed
using the neighbor-joining algorithm.
The second test (hereafter called test 2) was used to screen
sequences from strains that were sequenced and submitted more
than once. In the databases, there were 92 strains for which HA
genes and 32 strains for which NA genes were sequenced more
than once. Sequences from the same strain with substantially larger
differences between each other than to the closest sequence of a
different strain were considered questionable. The ﬁrst step for this
test was to estimate the frequency distribution of nucleotide
differences between sequences of the same strain. To avoid theinclusion of contaminated sequences in the estimation, only pairs of
sequences from the same strain that showed fewer nucleotide
differences between each other than to the closest sequence of a
different strain were used for the ﬁtting. A negative binomial was
ﬁtted since it can account for overdispersion [26]. The processes
that generate nucleotide differences between sequences are likely to
contain unobserved heterogeneities, which create an overdispersed
distribution [27]. The ﬁtted frequency distribution was used to
calculate a ratio of the probabilities for the difference to the closest
sequence from another strain over the difference to another
sequence of the same strain. Ratios above one indicate that the
nucleotide differences between the sequences of the different
strains were more likely than the differences between the
sequences of the same strain according to the frequency distribu-
tion. Sequence pairs for which the ratio exceeded 1000 were
considered misclassiﬁed. The ratio 1000 was used to safeguard
against wrongly labeling sequences that happened to be close to
another strain as misclassiﬁed. The source sequence was deter-
mined by this analysis to be the most similar sequence of another
strain.
Tracking relevant publications
Publications that were linked on the NCBI website to accession
numbers of sequences identiﬁed as misclassiﬁed were retrieved to
understand the laboratory histories of the reported isolates. Mis-
classiﬁed sequences and their potential source sequences were
grouped into three categories of pairs that (A) were submitted by
the same laboratory and appeared in the same publication, (B) were
submitted by the same laboratory or institute, but did not appear in
the same publication, and (C) were not submitted by the same
laboratory or institute.
In addition, we compared the nucleotide differences for all
internal gene segments from the virus pairs that contained source
and misclassiﬁed HA or NA sequences. All results of the publica-
tions were scrutinized to determine how conclusions in the
associated publications might change had the strain been correctly
identiﬁed.
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